We consider a simple solution to explain the recent diboson excess observed by ATALS and CMS Collaborations in models with custodial symmetry SU (2)L × SU (2)R → SU (2)c. The SU (2)L triplet vector boson ρ with mass range of 1.8 ∼ 2 TeV would be produced through the Drell-Yan process with sizable diboson decay branching to account for the excess. The other SU (2)L × SU (2)R bidoublet axial vector boson a would cancel all deviations of electroweak obervables induced by ρ even if the SM fermions mix with some heavy vector like (composite) fermions which couple to ρ ("non-universally partially composite"), therefore allows arbitrary couplings between each SM fermion and ρ. We present our model in the "General Composite Higgs" framework with SO(5) × U (1)X → SO(4) × U (1)X breaking at scale f and demand the first Weinberg sum rule and positive gauge boson form factors as the theoretical constraints. We find that our model can fit the diboson excess very well if the left-handed SM light quarks, charged leptons and tops have zero, zero/moderately small and moderate/large composite components for reasonable values of gρ and f . The correlation between tree level S parameter and the h → Zγ suggest a large a contribution to h → Zγ and it is indeed a O(1) effect in our parameter space which provides a strong hint for our scenario if this diboson excess is confirmed by the 13 ∼ 14 TeV LHC Run II.
INTRODUCTION
The Standard Model (SM) of particle physics, which is our current deepest understanding of microscopic physics, has been intensively tested in the last few decades. At present, we are in a stage to probe new physics at the Terascale by the Large Hadron physics at CERN. All scientists in particle physics are looking for the new data and see if there are some hints for physics beyond SM.
Very recently, the ATALS and CMS collaboration have reported several excesses over the SM backgrounds in the invariant mass distributions around 1.8 ∼ 2 TeV. (1) : the ATLAS collaboration [1] has reported that a 3.4σ, 2.6σ and 2.9σ deviation are observed around 2 TeV in the invariant mass distribution of boosted WZ, WW and ZZ [47] , with the global significance of the discrepancy in the WZ channel being 2.5σ. The CMS experiment reported a moderate excess, about 1.4σ for the dijet resonances, without distinguishing between the W-and Ztagged jets [2, 3] . (2): CMS experiment reported a ∼2σ excess slightly below 2 TeV(∼ 1.8 TeV) in the dijet resonance channel search [4] and W → W h → bblν search with a highly boosted SM like Higgs.
To explain the above excesses, the new physics contributions to the resonance production of W Z, W W and ZZ are required to be around 6 ∼ 10 fb. There have been several papers on explaining this diboson excesses at 1.8 ∼ 2 TeV [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] by either some massive spin one vector bosons (ρ) or exotic spin zero or two objects. For spin one explanations, the vector bosons are either based on SU (2) 1 
Y symmetry breaking pattern or some extended variations. The former, which is the prototype of many models explaining electroweak symmetry breaking (EWSB), in general induce a large tree-level S parameter S = 4πv 2 /m 2 ρ = 0.2 (in gauge eigenstate basis) through the kinetic term of Higgs and scalars which triggers the symmetry breaking [48] . While this large positive S alone might marginally fit the S − T plane with a very optimal positive T , other effects from one-loop diagrams of heavy resonances [22, 23] , modified Higgs couplings [24] and effective operators from UV [25] would spoil the electroweak precision tests (EWPT). The other difficulty is that while a large qqρ coupling is required to explain the diboson excess, constraints from pp → ρ 0 → l + l − would violate fermion universality in the ff ρ couplings which further contributes to EWPT [49] .
Here we consider a simple solution of the above two issues to account for the diboson excess by introducing an axial vector boson a which transforms as (2, 2) representation of SU (2) L × SU (2) R which do not couples to the SM fermions before EWSB. For convenience, we use the "General Composite Higgs" set up of Ref. [26] which is the CCWZ construction of SO(5)/SO(4) × U (1) X with vector meson dominance for spin one fields as an illustration. We find that the a field contributions can not only cancel the large positive S, but also the couplings between composite fermions and SM gauge bosons by integrating out ρ. The latter allows the partially composite SM fermions to have tiny EWPT contributes with arbitrary couplings to ρ in a very wide range. In our model of vector bosons (ρ and a), we use the first Weinberg's sum rule and positive EWSB form factor (in the spirit of Witten's theorem [27] ) as our theoretical constraints. We find that the current diboson excess can be explained very well for ξ ∼ (0.05, 0.2), g ρ ∼ (1.5, 2.5) and left-handed SM light quarks, charged leptons and top/bottoms have zero, zero or moderately small and moderate or large composite components composite components where the last one is a good sign for correct Coleman Weinberg Higgs potential. Notice that the S parameter and h → Zγ decay can come from the same operators which has large correlations, we also calculate the a contribution to h → Zγ and find that the corrections are very large (O(1) of the SM one).
BASIC SETUP OF COMPOSITE HIGGS MODEL
In the Minimal Composite Higgs Model, the Higgs arises as a pseudo-Nambu Goldstone boson (pNGB) from the spontaneous symmetry breaking of the global symmetry group SO(5) × U (1) X → SO(4) × U (1) X of the strongly-interacting sector. The unbroken SO(4) is isomorphic to SU (2) L ×SU (2) R , so the custodial symmetry is preserved. The extra U (1) X is introduced to reproduce the right hyper-charge for the SM fermions. Since it doesn't play an important role in our following discussion, we will neglect it from now on. The four NGBs hâ can be described as the fluctuations along the broken generators Tâ (â = 1, . . . , 4): U = exp(i √ 2πâTâ/f ), where f is the decay constant for those pNGB fields. Under a transformation g ∈ SO(5), this field transforms non-linearly as U → gU h † g, hâ(x) , where h ∈ SO(4). Going to the unitary gauge, we can bring the NGBs to the form hâ = (0, 0, 0, h). With this choice, the matrix U takes the simple form 
The interactions with the elementary fields of the SM explicitly break the SO(5) symmetry and will induce a potential for the Higgs through loop corrections, such that modulus of the NGB fields, h, acquires a vev breaking SO(4) to the custodial subgroup SO(3) c and the electroweak symmetry to U (1) em , at the scale v = f √ ξ = f sin h /f . The CCWZ structures [28] are defined by iU
with Tâ ,â = 1, 2, 3, 4 being generators in the broken direction and T a L ,a R , a L,R = 1, 2, 3 being generators in the unbroken direction. It follows that d µ transforms covariantly under the local symmetry group, while E µ transforms like a gauge field. Expanding over h/f , we have:
At the leading order in the chiral expansion, the Lagrangian describing the dynamics of the NGBs is given
where we have defined a linearly-tranformed field by using SO(4) invariant vacuum Σ t 0 = (0, 0, 0, 0, 1):
The gauging of the EW symmetry group SU (2) L × U (1) Y can be performed in the chiral Lagrangian showed above just by promoting the derivative to a covariant one,
The leading order Lagrangian for the gauge fields and the Nambu-Goldstone bosons then reads
(5) To give formal SO(5) transformations to the gauge bosons, one can use the method of spurions introducing fake fields to complete the SO(5) multiplet and gauge the whole group:
The most general SO(5)×U (1) X -invariant Lagrangian depending on the gauge fields and the NGBs, at the quadratic order in the gauge fields and in momentum space, is
. (6) where
2 is the projector on the transverse field configurations. Performing an SO(4) transformation to get h = (0, 0, 0, h) and turning off the spurionic gauge fields keeping only the
The effective Lagrangian for the SM gauge bosons in SO(5)/SO(4) with the explicit dependence on the Higgs field can be written as:
where Π B = g 
THE SPIN ONE RESONANCES
In this paper, we are going to introduce one vector resonance ρ a L ,a R µ transforming as (3, 1) ⊕ (1, 3) and one axial resonance aâ µ transforming as (2, 2) under the SU (2) L × SU (2) R symmetry group. The Lagrangian for vector and axial resonances could be summarized by the following equations [29] : (10) where the mass parameters can be defined as:
The electroweak field strengthes are:
For the axial resonances, the notation in the kinetic term reads:
The leading tri-linear interaction terms involving one Higgs boson read:
with ξ = v 2 /f 2 , and a = 1, 2, 3. Note that hρW coupling is suppressed by an additional √ ξ compared with that of the axial resonance and as a result, its contribution to the Higgs process is subdominant. See below for the calculation of the h → Zγ decay width.
THE S PARAMETER AND ELECTROWEAK PRECISION CONSTRAINTS
The explicit form of the form factors is obtained by integrating out the heavy vector resonances at tree-level. For simplicity, assuming only one vector and axial resonances, we simply get
The Π 1 (p 2 ) form factor involves NGBs and measures EWSB effects. We regulate its UV behavior by imposing Π 1 (p 2 ) to zero at high energy as the first Weinberg sum rule in QCD ( [32] ):
Unlike the QCD, we do not impose Π 1 goes to zero faster than 1/p 2 for large momenta. Instead, we use a parameter α categorizes the deviation to relaxing the second Weinberg's sum rule, we have lim
where the natural size for the α is α ∼ g ρ , g a . The form factor Π W3B is also related to the Sparameter:
As well known, S is the main phenomenological electroweak bound constraining Composite Higgs Models, that requires s h 1. From eq. (13) and eq. (16), we readily obtain the tree-level contribution to the S-parameter:
where we have approximated g 0 g for simplicity.
[50].
In the simple case without a, we have S = 4πv 2 /m 2 ρ which marginally fits S 0.25 when m ρ 2 TeV. Notice that in our parametrization, we do not expect m ρ m a and f ρ f a in the "walking region" to get a suppressed tree level S parameter. It is interesting to think about the generic condition Π 1 (p 2 ) 0 as suggested by Witten's theorem if the underlying strong dynamics is vector confining [27] . In this case, the first Weinberg sum rule Eq. (14) suggests that Π 1 (0) 0 since f ρ f a and Eq. (15) guarantees that Π 1 (+∞) 0. There could be one other minima
There are also contributions from the composite Higgs at one-loop:
In order to decrease the lepton ρ coupling which could make our model less constrained by the ρ → l + l − decay, we allow our leptons mix moderately with composite leptons l * which is of order g/ g ρ g l * ρ , where g ξ/2m 2 a g a ) so that couplings between l * and SM gauge bosons W/B are further suppressed or even cancelled [51] .
FIT THE LHC 2TEV DIBOSON EXCESS
The ATLAS ( [1] ) and CMS ( [30] ) collaborations have reported the observed and expected bounds at 95% C.L. around 2 TeV in the diboson invariant mass distributions, which we summarize in Table. I. We can see clearly the excess in both CMS and ATLAS. Note that the search is dedicated to the hadronically decaying Z and W and the ability to accurately distinguish the two gauge bosons is highly limited, the three channels are not exclusive. To explain the excesses with new physics, the new physics need to contribute somehow 6 − 8 fb [6] .
In this section, we focus on the ρ L and investigate the possibility to account for the excesses of σ(WZ) and σ(WW) at ATLAS ( [5] [6] [7] [8] [9] [10] [11] [12] ) [52] . The two parameters (m a , f a ) of the axial resonance can be obtained by the Weinberg first and relaxed second sum rule (eq. 14, 15) as functions of (ξ, m ρ , g ρ , α). All right-handed SM model fermions are not relevant here since we embed them in the singlet representation of SO(4). For SM top quark, only the compositeness of t L plays an important role in the phenomenology of ρ L . Here we introduce the parameter tL to measure the degree of compositeness for t L (see appendix for detail). Now we have five parameters in our model (M ρ , g ρ , ξ, α, tL ), where
is the physical mass of the ρ ±,0 . We will work in the large coupling limit g ρ g, g 0 ∼ g, g 0 ∼ g and at leading order in ξ. The convention and expressions for the couplings can be found in the appendix. 
EXPLANATION OF THE DIBOSON EXCESS AND CONSTRAINTS FROM THE LHC
To begin with, we first consider the ρ ± → W ± Z channel for M ρ + = 2 TeV to get a rough idea about the size of our parameters. The production cross sections of ρ ± at 8 TeV LHC are given by,
where we have applied a K factor K = 1.34 ([38] ). Remember for the dijet search, we cannot distinguish the ρ + from ρ − , so that we should add them together. The WZ excess being observed at ATLAS can be expressed as the production cross section of ρ ± times the branching ratio of WZ, which can be expressed as a function of (g ρ , t L ):
where we have defined the g = g/g ρ , t L , which measure the degree of compositeness for the SM gauge bosons. Note that we also neglected the ξ correction in the calculation of the decay width. The behavior of σ(pp
as a function of g ρ and t L is shown in Fig. 2 , from which we can infer that a large regions g ρ 4.0, t L 1.0 are allowed for the excess. Note that a not too small degree of compositeness for the t L is needed to get the correct EWSB.
It is essential to check whether our resonance is consistent with the other W , Z searches at LHC and the strongest constraints come from the dilepton searches (see Table. II). In Fig. 3 , we plot the three bounds in the (M ρ , g ρ ) plane coming from the searches described above by choosing the following parameters:
where the mass ranges from 1.8 TeV to 2.0 TeV. We also show the bound (the grey region) from the first Weinberg sum rule:
The most strong contraints come from the fully leptonical search for the W , which gives g ρ 2.0 for M ρ = 2 TeV. The white region with star labelled indicates the preferred range from EWPT at 95%. Combing all the constraints, we can see that the prefered vaule for g ρ is ∼ 2 − 2.5 and the cross sections for the σ(WZ) and σ(WW) are consistent with ATLAS di-boson excess. For example, for M ρ ∼ 2 TeV, g ρ ∼ 2.5, t L = 0.5, σ(W Z) ∼ 6.78 fb and σ(W + W − ) ∼ 3.74 fb. (m a , g a ) are obtained by solving the (eq. 14, 15), where in this benchmark point, we get (m a , g a ) = (1.46TeV, 2.68). Decreasing the mass and the coupling a little bit can make the cross section larger by a factor of ∼ 2 (see Table. III). 
) and σ(pp → W → eν/µν) ( [35] ). The light red region indicates the constraints from EWPT at 95% C.L. and the green contours depict the ratio
The additional axial resonance is introduced to play the important role in relieving the stringent constraint of the S parameter as discussed before. While, the additional non-diagonal gauge interactions from mixing effects between electroweak gauge bosons and the axial resonance will contribute to a gauge invariant amplitude for Fig. 3 ) for the allowed region assuming t L = 0.5 and t L = 0.9 for the first and second row. The cross sections are shown in fb.
the h → Zγ process. In principle the ρ L will also contribute to the h → Zγ, but its result will be suppressed by an additional ξ or (g 2 /g 2 ρ ) compared with the axial resoance and thus can be safely neglected.
The general results for the h → Zγ decay width with respect to the SM value can be expressed as a simple form:
where we have neglected the small top contribution and the coefficient c Zγ (see appendix for the definition of the coefficients.) can be calcualted at 1-loop level ( [39] ):
The couplings in the mass eigenstates can be obtaind by diagonalizing the mixing mass matrix in the charged and neutral sector:
Note that we find different results with Ref. [39] , especially for the couplings a W , c ZaW , where Ref. [39] has missed one term for the c ZaW . The non-diagonal contribution interferes with SM amplitude deconstructively, as shown in Fig. 3 , where we plot the contours (in green) for the Γ(h → Zγ)/Γ(h → Zγ) SM with the same parameters in eq. 22. From the benchmark points shown in Table. III, the deviation from the SM can be as large as 70% and this could provide the strong evidence on the existence of axial resonances if such a deviation is observed at 14 TeV LHC.
CONCLUSION AND OUTLOOK
In this paper, we have considered the possibility of spin one resonances in the minimal composite Higgs scenario based on the SO(5)/SO(4) × U (1) X (SO(4) SU (2) L × SU (2) R ) symmetry breaking pattern to account for the recent diboson excess reported in both ATLAS and CMS Collaborations. The relevant model is constructed in the CCWZ language with vector meson dominance and imposing the first Weinberg sum rule and positive SM gauge boson form factors. We emphasis that the presence of axial vector resonance a as a bidoublet of SU (2) L × SU (2) R is crucial to dramatically improve the EWPT if a SU (2) L triplet vector boson ρ with a mass 1.8 ∼ 2 TeV is used to explain the diboson excess. The suppressed couplings between a and SM quarks (∼ √ ξg/g a ) suggest that a is hided in the 7 ∼ 8 TeV LHC resonance searches. We find that our model can fit the diboson excess very well if the left-handed SM light quarks, charged leptons and top/bottoms have zero, zero or moderately small and moderate or large composite components for reasonable value of g ρ and f . If such a diboson excess is indeed confirmed at the 13 ∼ 14 TeV LHC run two, the large deviation in the h → Zγ decay width would be a strong hint for the existence of a expected in our model.
There are indeed various interesting aspects to pursue since current paper only provide the first order sketch of our model. Here we just listed a few of them below: (1): unitarity bounds on the cut off scale from the longitudinal gauge boson scattering by including both ρ and a. (2): realistic log divergent Coleman Weinberg Higgs potential from a composite top, ρ and a to get the correct Higgs mass (3): direct axial vector boson searches at the 13 ∼ 14 TeV LHC Run II (4): full calculation of h → γγ and h → Zγ including both ρ and a, etc. We will leave the above issues for future studies and expect that our scenario can attract people's interests in the axial vector bosons studies.
APPENDIX A: DECAY WIDTH AND TRIPLE COUPLINGS
In the mass eigenbasis, the general Lagrangian involving cubic interactions terms between the heavy reso-nances and the SM fields reads ( [40] ):
where f stands for any of the SM chiral fermions and ρ can be either ρ L or ρ R . We will only show the couplings in the large coupling limit g ρ g for ρ L and keep the leading term in ξ. We will make some comments for ρ R in the end. First, we list the mass formulae for the ρ L :
Secondly, we show the couplings involving the SM gauge bosons and the Higgs:
For the couplings with fermions, there are in general two sources: the mixing of the SM gauge boson with composite ρ resonances and the mixing of the SM fermions with composite fermionic resonances. The first effect is universal and scales like g 2 /g ρ . The second effect depends on the masses of the fermion and only the SM top can have a significant size. Under the assumption of t R being a SO(4) singlet and the coupling involving it will start at ξ. So only the partial compositeness of t L has an important impact on the phenomenology of the ρ and we define t L as the degree of its compositeness. We summarize the results below:
where we have neglected the ξ correction and f el is the fully elementary chiral SM fermions. The difference of ρ R is that it only mixing with the SM hyper-charge field, as a result only ρ 0 R has a non-zero coupling with SM elementary fermions before EWSB and scale like −Y g 2 /g ρ , where Y is the hyper charge field. We finally present the analytical formulae for the decay widths of ρ : 
where N c is the color factor for the SM fermions and f denotes any SM chiral fermions.
APPENDIX B: THE MODEL AND THE COUPLINGS RELEVANT TO h → Zγ
The effective Lagrangian parametrizing the Higgs interactions with the gauge bosons is: 
We can obtain the relevant couplings for h → Zγ process in the presence of the axial resonance by diagonalizing the mass matrix at leading order: 
localization or the elementary-composite mixture of SM fermions is fixed for a given model of ρ. While in our scenario, cancellation occurs in the coupling of composite fermions and SM gauge bosons between integrating out ρ and a, therefore allows arbitrary localization or elementary-composite mixture.
[52] For ρR, the couplings with SM fermions are suppressed by an additional ξ for the charged resonance and g 2 /g 2 for the neutral resonance. It may not account for the W Z excess even including the contamination from W W channel.
